Background: Type 1 interferon alpha receptor 2 (IFNAR2) in the liver has been reported to be a predictive factor for the response to intra-arterial 5-fluorouracil (5-FU) + systemic interferon (IFN)-alpha combination therapy in patients with advanced hepatocellular carcinoma. We tested whether IFNAR2 expression in peripheral blood mononuclear cells could predict the response to 5-FU + IFN. Methods: Predictive factors for survival and response to therapy were determined in 30 patients with advanced hepatocellular carcinoma who underwent treatment with 5-FU + IFN. IFNAR2 expression in peripheral blood mononuclear cells was measured in 11 of the 30 patients. Results: With a mean number of 4.2 courses of combination therapy, one patient (3%) showed a complete response, eight (27%) showed partial responses, 13 (43%) had stable disease, and eight (27%) showed progressive disease. The median survival time of responders (complete response/partial response) was 12.7 months and that of nonresponders (stable disease/progressive disease) was 7.5 months. The one-year and two-year cumulative survival rates of responders and nonresponders were 87/69% and 40/11%, respectively (P = 0.019). Multivariate analysis identified response to therapy (P = 0.037) as the sole independent determinant of survival. The expression level of IFNAR2 in peripheral blood mononuclear cells was significantly (P = 0.012) higher in responders (6.5 ± 2.4) than in nonresponders (2.4 ± 0.6), even though no clinical factors were identified as being associated with the response to the combination therapy. Conclusion: IFNAR2 expression in peripheral blood mononuclear cells may predict the response to 5-FU + IFN therapy in patients with advanced hepatocellular carcinoma, although these data are preliminary.
Introduction
Hepatocellular carcinoma is the third leading cause of cancer-related death globally, behind lung and stomach cancers. 1 Its incidence has been increasing in Japan in the last 30 years 2 and also in the US more recently. 3 Intensive management of patients at high risk for hepatocellular carcinoma and advances in diagnostic techniques have facilitated the detection of hepatocellular carcinoma in the early stage. [4] [5] [6] [7] Simultaneously, several therapeutic modalities, including hepatic resection, liver transplantation, radiofrequency ablation, percutaneous ethanol injection, and transcatheter arterial chemoembolization have substantially improved the prognosis of patients with hepatocellular carcinoma. [8] [9] [10] [11] Nevertheless, we still sometimes see patients with advanced hepatocellular carcinoma 
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Tomiyama et al at their first visit or after repeated treatment due to the frequent recurrence of the disease.
The prognosis of patients with advanced hepatocellular carcinoma, especially if complicated by portal venous invasion, is extremely poor. 12, 13 Recently, sorafenib, an oral multikinase inhibitor of the vascular endothelial growth factor receptor, the platelet-derived growth factor receptor, and Raf, has been shown to prolong median survival time and the time to progression by nearly three months in patients with advanced hepatocellular carcinoma as compared with those given placebo.
14 However, no complete responses and only a few partial responses (2%) were found in the same study. Although sorafenib can be used for the treatment of patients with advanced hepatocellular carcinoma, its clinical effectiveness is still controversial in Japan. According to the consensus-based clinical manual proposed by the Japan Society of Hepatology, 15 arterial infusion chemotherapy using an implantable drug delivery system is recommended as one of the treatments for advanced hepatocellular carcinoma with portal venous invasion, based on the favorable results of combination therapy with intra-arterial 5-fluorouracil (5-FU) + systemic interferon (IFN) [16] [17] [18] [19] or another combination of low-dose cisplatin + 5-FU. 20, 21 To improve the effects of these combination therapies and to increase the response rates, it is important to find a practical and useful predictor of the response to therapy. Hepatic expression of type I interferon alpha receptor 2 (IFNAR2) has been shown to correlate with the response to 5-FU + IFN in patients with advanced hepatocellular carcinoma and portal venous invasion. 17 However, liver biopsy is sometimes difficult to perform before combination therapy in patients with advanced hepatocellular carcinoma because of a bleeding tendency with a low count platelet and/or decreased activity of prothrombin. In this pilot study, we tested whether IFNAR2 expression in peripheral blood mononuclear cells could predict the response to 5-FU + IFN in patients with advanced hepatocellular carcinoma.
Materials and methods Patients
A single-arm, open-label study of intra-arterial combination therapy was conducted in patients with advanced hepatocellular carcinoma. Eligibility criteria were as follows: hepatocellular carcinoma with tumor thrombi invading at least one of the major branches of the portal vein (Vp3 or Vp4, according to the criteria of the Liver Cancer Study Group of Japan [LCSGJ]) or multiple intrahepatic metastases in more than three segments, irrespective of the degree of portal venous invasion (Vp1, Vp2, Vp3, or Vp4); tumor staging III or IVA based on the TNM (tumor node metastasis) staging system of the LCSGJ; absence of extrahepatic metastases; Child-Pugh A or B liver function; an Eastern Cooperative Oncology Group (ECOG) performance status of 0-1; 22 leukocyte count .2000/µL; platelet count .50,000/µL; unresectable disease or not suitable for local ablation therapy; and unlikelihood of effectiveness with transcatheter arterial chemoembolization. All patients provided written informed consent for this study, which was approved by the institutional review board of Kawasaki Medical University.
Implantation of intra-arterial catheter
An indwelling intra-arterial catheter (Piolax W spiral catheter, Piolax Medical Devices Inc, Kanagawa, Japan) was inserted through the femoral artery by the Seldinger method, and its tip was put in the proper hepatic artery or common hepatic artery, embolizing the right gastric and gastroduodenal arteries to avoid efflux of chemotherapeutic agents into the stomach and duodenum. The other end of the catheter was connected to the injection port (Vital-Port, Cook Japan, Tokyo, Japan) subcutaneously implanted in the lower abdomen.
Evaluation of response to therapy
The response to therapy was assessed with contrast-enhanced computed tomography after each therapeutic cycle. The response was defined according to the Response Evaluation Criteria in Solid Tumors (RECIST) 23 as: complete response (complete disappearance of all target lesions); partial response (at least a 30% decrease in the sum of the longest diameter of the target lesions), taking as reference the baseline sum of the longest diameter; progressive disease (at least a 20% increase in the sum of the longest diameter of target lesions or the appearance of one or more new lesions); or stable disease (neither partial response nor progressive disease criteria). The best response to therapy was defined as the response to therapy when a different response, such as partial response or stable disease, was found in the same patient during multiple treatment cycles. Adverse reactions were assessed using the National Cancer Institute Common Toxicity Criteria (NCI-CTC, version 3.0, [http://ctep.cancer. gov/reporting/ctc.html]).
Treatment protocol
One cycle of treatment consisted of four weeks in which 5 × 10 6 U (5 MU) of IFN-alpha (OIF; Otsuka Pharmaceutical, Tokyo, Japan) was administered intramuscularly
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Prediction of response to 5-FU + IFN in HCC on days 1, 3, and 5 of each week, resulting in a total dose of 60 MU per cycle. 5-FU (Kyowa Hakko, Tokyo Japan) 500 mg/day was administered into the hepatic artery over five hours using a portable infusion pump on days 1-5 of the first and second weeks (5 g per cycle). The combination therapy was discontinued in patients who did not meet the eligibility criteria and also in those with progressive disease or NCI-CTC Grade 3 adverse reactions, otherwise the treatment was repeated after a 2-4-week rest period without treatment.
Measurement of IFNAR2 expression in peripheral blood mononuclear cells
Peripheral blood mononuclear cells were separated from 10 mL of heparinized blood by density gradient centrifugation using Ficoll-Hypaque (Amersham Pharmacia Biotech, Uppsala, Sweden), washed three times with RPMI 1640 culture medium, and stored at −80°C until use. RNA was extracted from the homogenized peripheral blood mononuclear cells using a High Pure RNA kit (Roche Diagnostics Ltd, Germany), and its integrity was confirmed by spectrophotometry. The IFNAR2 mRNA expression level was quantified using an ABI PRISM 7700 Sequence Detection System (Applied Biosystems, Foster City, CA) and real-time reverse transcription polymerase chain reaction (RT-PCR), as described previously. 24 Briefly, a RT-PCR assay was performed on a 25 µL reaction mixture containing 20 ng of sample cDNA, 100 nM sense primer, 100 nM antisense primer, and 12.5 µL of SYBR Green PCR Master Mix (Applied Biosystems). The following specific primers were designed to amplify their respective genes; IFNAR2, sense; 5′-GAAGGTGGTTAAGAACTGTGC-3′, antisense; 5′-CCCGCTGAATCCTTCTAGGACGG-3′; β2-microglobulin, sense; 5′-ACCCCCACTGAAAAAGAT GA-3′, antisense; 5′-ATCTTCAAACCTCCATGATG-3′. The PCR was carried out for 45 cycles at 95°C for 15 seconds and 60°C for one minute. A standard curve for each mRNA expression was generated using five-fold dilutions of a control RNA sample (25×, 5×, 1×, 0.2×, and 0.04×). The mRNA expression levels of the target genes (IFNAR2) were presented as a ratio to that of β2-microglobulin, and the relative expression levels were calculated.
Statistical analysis
Quantitative values were expressed as the mean ± standard deviation. Cumulative survival was calculated using the Kaplan-Meier method, and the differences between the groups were analyzed using the log-rank test. Univariate and multivariate analyses of predictors of survival were assessed by the Cox proportional hazards model. Univariate and multivariate analyses of predictors for the response to therapy were assessed by the logistic regression test. Differences between the two groups were examined for statistical significance using the Mann-Whitney U test. A P value , 0.05 was considered to be statistically significant. All analyses described above were performed using SPSS software (version 11, SPSS Inc, Chicago, IL).
Results
Patient profile
Forty-five patients with advanced hepatocellular carcinoma fulfilled the eligibility criteria for 5-FU + IFN therapy. Among them, 30 patients (24 men and six women) with an average age of 64.7 ± 1.8 (range 48-84) years provided written informed consent to receive the combination therapy. Patient characteristics at baseline are shown in Table 1 . Eight patients were positive for both hepatitis B (HBV) surface antigen and HBV DNA, and 18 for both anti-hepatitis C virus (HCV) and HCV RNA. The remaining four patients were negative for both hepatitis B surface antigen and anti-HCV. Liver disease stage was Child-Pugh A and tumor stage was IV in 23 patients (76.7%). The integrated staging scores for the Japan Integrated Staging 25 and Cancer of the Liver Italian Program (CLIP) 13 were $3 in 23 (76.7%) and 17 patients (56.7%), respectively. Twelve patients (40%) had portal venous invasion at a major branch (Vp3) or in the main trunk (Vp4). [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The median survival time was 7.5 months, and the one-year and two-year cumulative survival rates were 53% and 33%, respectively. Of these 30 patients, one (3%) had a complete response, eight (27%) had a partial response, 13 (43%) had stable disease, and 8 (27%) had progressive disease, ie, nine (30%) had objective responses (complete response or partial response). The median survival time of responders (complete response/ partial response) was 12.7 months and that of nonresponders (stable disease/progressive disease) was 7.5 months. The one-year and two-year cumulative survival rates for responders and nonresponders were 87%/69% and 40%/11%, respectively. Thus, there was a significant difference in the overall survival rate between responders and nonresponders (P = 0.019, Figure 1 ).
Factors associated with survival
We investigated the predictors of survival in patients who underwent 5-FU + IFN therapy. Univariate analysis identified total bilirubin concentration (P = 0.005), CLIP score (P = 0.019), and response to therapy (P = 0.033) as factors associated with survival (Table 2) . Among these factors, multivariate analysis identified the response to therapy (P = 0.037) as a significant and independent determinant of survival (Table 3) .
Factors associated with response to combination therapy
We examined factors associated with the response to 5-FU + IFN therapy, because response to therapy was found to be the only independent factor associated with survival in patients who underwent treatment with this combination. However, univariate and multivariate analyses did not identify any significant factors associated with response to the combination therapy (Table 4) .
IFNAR2 in peripheral blood mononuclear cells and response to 5-FU + IFN
To explore factors associated with the response to the combination treatment, we next measured IFNAR2 mRNA expression in peripheral blood mononuclear cells in 11 patients from whom peripheral blood mononuclear cells were 17 and there is a significant correlation between IFNAR2 expression in the liver and peripheral blood mononuclear cells. 26 Seven of the 11 patients were responders (complete response/partial response) and the remaining four patients were nonresponders (stable disease/ progressive disease). The expression level of IFNAR2 in peripheral blood mononuclear cells was significantly (P = 0.012) higher in responders (6.5 ± 2.4) than in nonresponders (2.4 ± 0.6, see Figure 2 ).
Adverse reactions and complications
Most patients complained of flu-like symptoms, including fever, nausea, and loss of appetite, but the degree of these adverse reactions was NCI-CTC Grade 1 or 2. Among patients with NCI-CTC Grade 3 adverse reactions, stomatitis was observed in two patients, diarrhea in one, leukopenia in one, thrombocytopenia in one, and hemorrhagic gastric ulcer in another. None of the patients required administration of granulocyte colony-stimulating factor or blood transfusion. There were five complications resulting from the arterial catheter, ie, occlusion in two patients, infection associated with the indwelling catheter in two patients, and dislocation in a further patient.
Additional therapy
Three patients each were treated with transcatheter arterial chemoembolization and intra-arterial 5-FU + cisplatin, respectively, after identification of progressive disease. Three patients assessed to exhibit a partial response had additional therapy, one of whom underwent partial hepatectomy because of downstaging of hepatocellular carcinoma, and the other two were repeatedly treated with transcatheter arterial chemoembolization because of dislocation of an indwelling intra-arterial catheter or downstaging of 
Discussion
The response rate (30%), median survival (7.5 months), and one-year and two-year cumulative survival rates (53% and 33%) for patients in this study were comparable with those reported for previous studies. [17] [18] [19] Although the median survival time of nonresponders was identical to that of all patients (7.5 months), the mean survival time of nonresponders (343 ± 272 days) was shorter than that for all patients (505 ± 574 days). This may be explained by the fact that some responders with advanced hepatocellular carcinoma showed considerably long survival, as shown in the Kaplan-Meier survival curve. One complete responder (2402 days) and one partial responder (1957 days) who underwent partial hepatectomy as additional therapy remain alive without recurrence of hepatocellular carcinoma. Two partial responders treated with transcatheter arterial chemoembolization as additional therapy showed long survival (1326 days and 1280 days). Thus, adequate additional therapy preceded by downstaging of hepatocellular carcinoma in response to the 5-FU + IFN combination may be important for responders to obtain long survival.
Several possible mechanisms for the anticancer effects of 5-FU + IFN therapy have been proposed. Transcription of the tumor suppressor p53 gene has been demonstrated to be induced by IFN-α/β, accompanied by an increase in p53 protein levels, suggesting the integration of IFN-α/β signaling into p53 responses in tumor suppression. 27 Yamamoto et al reported that the tumor necrosis factor-related apoptosisinducing ligand receptor-mediated cytotoxic pathway could be involved in the antihepatocellular carcinoma effect of the 5-FU + IFN combination. 28 It is also possible that IFN and 5-FU reinforce the antitumor action of each other or have additive effects. The cytotoxic effect of 5-FU enhanced by IFN in various cultured malignant cells and upregulation of 5-FU activity when combined with IFN has been demonstrated. [29] [30] [31] Response to therapy was the sole significant and independent predictor for survival of patients with advanced hepatocellular carcinoma who received the 5-FU + IFN combination in the present study. It should be noted that identification of response to therapy (complete response or partial response) as a predictor for survival was common to three Japanese studies, [17] [18] [19] in addition to our study, despite different patient populations based on different grades of portal venous i nvasion and/or different evaluations of responses to therapy (RECIST or ECOG criteria). These results suggest that the response to therapy (complete response or partial response) is indeed critical for patients with advanced hepatocellular carcinoma who receive the 5-FU + IFN combination to have better survival.
Although previous studies have demonstrated several predictors of survival other than response to therapy, such as positivity for anti-HCV antibodies, performance status, and/or total bilirubin level, 18, 19 this discrepancy may be explained by the different patient populations in the relevant studies as a result of the different eligibility criteria used. In contrast, use of the same criteria for evaluation of response to therapy (RECIST), in addition to similar patient populations, showed almost the same objective response rates (complete response and partial response patients/all patients) in our study (30%) and that of Uka et al (29%). 19 Despite the prominent improvement in survival of responders (complete response or partial response), it must be acknowledged that the response rates were not satisfactory, suggesting that more than half of patients with advanced hepatocellular carcinoma would remain unresponsive to the 5-FU + IFN combination. We also have to consider that this combination therapy has a considerable negative impact on quality of life for patients with advanced hepatocellular carcinoma, even though adverse reactions were rarely severe in the present study. Therefore, it appears to be very important to predict responders beforehand in the clinical setting.
Ota et al demonstrated that, among several clinical parameters, including α-fetoprotein, des-γ-carboxy prothrombin, Child-Pugh score, and CLIP score, the hepatic expression of IFNAR2 was the only significant predictor of clinical response to 5-FU + IFN therapy. 17 It is particularly noteworthy that all patients without IFNAR2 expression in hepatocellular carcinoma tissue are not responsive to 5-FU + IFN therapy. The importance of IFNAR2 expression for the anticancer effect of 5-FU + IFN has also been shown by in vitro analysis. 32, 33 IFNAR2 expression in hepatocellular carcinoma tissue was assessed immunohistochemically at the protein level in the study by Ota et al. We have previously shown a correlation between IFNAR2 protein expression and IFNAR2 mRNA expression in liver specimens from patients with chronic hepatitis C. 34 We have also found a correlation between IFNAR2 mRNA expression in peripheral blood mononuclear cells and in the livers of patients with chronic hepatitis C. 26 Therefore, IFNAR2 expression in hepatocellular carcinoma tissue is likely to be correlated with that in
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Prediction of response to 5-FU + IFN in HCC peripheral blood mononuclear cells, even though there have been no reports explaining the possible mechanisms for this correlation, as far as we know. Liver biopsy is sometimes difficult to perform before combination therapy in patients with advanced hepatocellular carcinoma because of the bleeding tendency arising from a low count platelet and/or decreased activity of prothrombin. IFNAR2 mRNA expression in peripheral blood mononuclear cells was significantly higher in responders (complete response or partial response) than in nonresponders (stable disease or progressive disease) in the present study. Based on these results, we propose a testable hypothesis that IFNAR2 expression in peripheral blood mononuclear cells may be a practical predictor of response to the 5-FU + IFN combination.
Several limitations existed in this study. First, a significant percentage of patients who fulfilled the eligibility criteria could not be included due to lack of written informed consent. Second, the number of patients in whom IFNAR2 expression was examined for peripheral blood mononuclear cells was too small to draw a definitive conclusion. We could not evaluate if IFNAR2 expression in peripheral blood mononuclear cells could be an independent predictor for response to the 5-FU + IFN combination in multivariate analysis. Further studies need to be conducted in a larger number of patients to clarify the clinical usefulness of measurement of IFNAR2 expression in peripheral blood mononuclear cells as a predictor of response to the 5-FU + IFN combination. Third, the correlation between IFNAR2 protein expression and IFNAR2 mRNA expression in peripheral blood mononuclear cells was not examined, even though we have previously confirmed this correlation in the liver.
In conclusion, we have shown preliminary evidence that IFNAR2 expression in peripheral blood mononuclear cells may predict the response to 5-FU + IFN therapy beforehand in patients with advanced hepatocellular carcinoma, which should enable us to treat those patients who are likely to respond to this combination therapy in a selective manner.
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